Abstrak
factors and to regulate the activity of mitochondrial enzymes.
1,2 high levels of ROS are toxic for the cells due to oxidative stress induction. 1 Oxidative stress can induce oxidative damage to molecules in the cells like protein, lipid and deoxyribonucleic acid (DNA). 1 DNA damage can induce genomic instability, which influences cancer progression. Therefore, ROS are important for initiation, progression and defense of cancer cells. 3 Glioma is the primary brain tumor, which is frequently found in Indonesia. As malignancy in general, the causes of glioma are multifactorial. Among these factors are reactive oxygen species (ROS), molecules which contain oxygen on a higher level of reactivity than in ground state molecular oxygen. 1 Low levels of ROS have the physiological function to activate and modulate signal transduction pathways, to modulate the activity of redox-sensitive transcription Our bodies have a protection system of endogenous antioxidant enzymes to overcome the oxidative stress. One of them is manganese superoxide dismutase (MnSOD), which is located in mitochondria of all cells as the major antioxidant enzyme that scavenges superoxide radicals, which are produced by the mitochondrial electron transport chain. MnSOD catalyzes the conversion of O 2
• to oxygen (O 2 ) and hydrogen peroxide (h 2 O 2 ). 1 Decreased MnSOD levels may elevate ROS level in mitochondria leading to oxidative stress, i.e., oxidative damage of biomacromolecules and subcellular structures. For the past 20 years, MnSOD activity has been postulated to be low in malignant tumours. A previous study of our group 4 on MnSOD expression showed that in 70% sample distribution of glioma cells, mRNA MnSOD was significantly lower than in leucocytes as control. In 80% sample distribution of glioma cells, the specific enzyme activity of MnSOD was significantly lower than in leucocytes as control. We found a linear relationship between MnSOD mRNA and specific enzyme activity with moderate correlation and statistical significance. Tumor cells generate superoxide radical and other ROS, which might affect proliferation and invasion. It has been hypothesized that the production of ROS combined with a decreased level of antioxidant enzymes may be characteristic of tumour cells. 3 Ganesamoni et al. 5 and Bancell et al. 6 proved that oxidative stress was higher in cancer cells than in normal cells. In breast and gastric cancers, high levels of ROS were associated with tumor progression and metastasis risk. [5] [6] [7] Based on WHO classification using histopathological examination, glioma can be divided into low grade and high grade. However, this classification cannot be the only prognostic indicator for the success of radiotherapy, since in the group with the same degree of malignancy the response to extensive radiotherapy widely varies. Renindra et al. 8 found that in low grade glioma, tumor size reduction after radiotherapy varied between 10% and 70% and in high grade tumors between 30% and 70%. 8 Thus, other factors, such as oxidative stress may influence tumor progression. Regarding this problem, we wanted to analyze the correlation of oxidative stress by measuring oxidative markers and MnSOD expression as endogenous antioxidant with tumor grade in order to explore the role of oxidative stress in determining the tumor progression.
METHODS
This study was a cross sectional study carried out at Biochemistry and Molecular Biology Laboratory, Faculty of Medicine Universitas Indonesia from January 2009 until December 2010 using as subjects 21 glioma patients from three hospitals in Jakarta, RSUPAU, RSPAD and RSCM. The inclusion criteria were i) a glioma patient with ii) informed consent, who was iii) diagnosed glioma by radiology examination and iv) underwent open surgery craniotomy. The exclusion criteria were i) a subject with the result of histological examination that did not confirm glioma. Samples of glioma and normal brain cells were obtained by open surgery craniotomy, samples were stored at -70°C or homogenized directly. Normal brain cells, which were used as controls could be obtained from patients if the location of glioma was below normal brain tissue. 
Analysis of tumor grade
Tumor grade was determined using histological examination. The WhO system established a four-tiered histologic grading guideline for gliomas that assigns grades from 1 to 4, with 1 being the least aggressive and 4 being the most aggressive. Grade 1 is pilocytic astrocytoma, grade 2 is diffuse astrocytoma, grade 3 is anaplastic astrocytoma, and grade 4 is glioblastoma multiforme (GBM). Grade 1 and 2 are classified as lowgrade gliomas. Grade 3 and 4 are classified as highgrade gliomas. In this research, glioma samples were classified in low grade glioma and high grade glioma.
Analysis of oxidative stress
Malondialdehyde (MDA) reflecting lipid peroxidation was measured using thiobarbiturate test with Wills method. 9 Carbonyls reflecting protein oxidation were measured using 2,4 dinitrophenylhydrazine (DNPh) reaction. 10 Our third indicator of oxidative stress, 8-hydroxy-2'-deoxyguanosine (8-OHdG) reflecting DNA damage was measured with Cayman 8-OhdG EIA ® kit. DNA was extracted from the glioma and normal brain tissues using Wizard Genomic DNA Extraction Kit (Promega ® ), then DNA was digested using nuclease (Roche ® ) following manufacturer's instruction. One unit of alkaline phosphatase was added into 100 µg of DNA. Cayman 8-OhdG EIA kit is a competitive assay, which utilizes an antimouse IgG-coated plate and a tracer consisting of an 8-OhdG enzyme conjugate. The product of this enzymatic reaction has a distinct yellow colour and absorbs strongly at 412 nm.
Amplification cDNA using reverse transcriptase real time PCR RNA was extracted from glioma tissues and normal brain tissues using Tripure RNA Isolation Kit (Roche ® ).
The step of RNA isolation followed the manufacturer's instructions. RNA hydration samples were stored at -70°C until used. RNA samples (both from glioma tissues and normal brain tissues) were amplified using iScript One Step RT-PCR Kit with SYBR Green (BioRad). cDNA synthesis and PCR amplification were carried out in the same tube. Reaction protocols were: cDNA synthesis for 10 minutes at 50°C, inactivation of iScript Reverse transcriptase for 5 minutes at 95°C, PCR cycles (40 cycles) for 10 seconds at 95°C; 30 seconds at 59°C (optimum condition); 30 seconds at 72°C, Melt curve analysis for 1 minutes at 95°C; 1 minute at 55°C; 10 seconds at 55°C (80 cycles, increasing 0.5°C each cycle). Primers for the MnSOD gene were GCACTAGCAGCATGTTGAGC (forward) and ACTTCTCCTCGGTGACGTTC (reverse) with an amplicon size of 216 bp. 18S rRNA was used as external standard wuth the same amplification procedures as for the MnSOD gene. Primers for 18S rRNA were AAACGGCTACCACATCCAAG (forward) and CCTCCAATGGATCCTCGTTA (reverse) with an amplicon size of 155 bp. Primers for this reaction were designed by Primer3 programme and Primer Analysis software. Sequence for MnSOD (NM_000636) and for 18S rRNA (X03205) were obtained from NCBI Gene bank. Aquabidest was used as a negative control (NTC) to reduce false positive results. Levels of mRNA expression in glioma cells were relatively determined using PfaffI formula and normalized against normal brain cells as controls of the particular patients.
The MnSOD enzyme specific activity
Tissue samples (10-20 mg) were homogenized in 600 µL Nuclei Lysis Solution, Promega ® on ice and then 0.6µL PMSF solution was added to prevent protein degradation. The mixture was incubated at 65°C for 10 minutes. The tissue homogenates were kept at -20 o C before use. The MnSOD enzyme specific activity was biochemically determined using RanSOD ® kit. To inhibit the Cu/ZnSOD, sodium cyanide (5 mM) was added into each sample first and the mixture was incubated for 5 minutes at room temperature. Xanthine oxidase was then added into the mixture, followed by the measurement of light absorbance using a spectrophotometer at 505 nm after 30 seconds and 3 minutes. The enzyme activity was calculated as a percentage inhibition of the samples plotted to the standard curve. The specific enzyme activity of MnSOD was calculated as activity (in Units) per mg protein. Protein concentration was measured with a spectrophotometer at 280 nm and plotted to a BSA (bovine serum albumin) standard curve.
Statistical analysis
All glioma samples were compared to normal control cells. Values found in normal cells were set to 1, values in glioma cells were expressed as ratios relative to controls and presented as mean ± SE. Statistical significance of differences between groups was analyzed by student t-test and Pearson correlation with the significance level at p < 0.05.
RESULTS
We obtained only 5 samples of normal brain cells from glioma patients. According the WHO classification, we classified the 21 glioma samples into 15 samples of low grade glioma and 6 samples of high grade glioma. Oxidative stress parameters MDA, carbonyl and 8-OHdG were significantly higher in glioma than in normal brain cells (Figure 1 (Figure 2 ). Carbonyl level in glioma was 3 times higher (SE ± 0.39; p = 0.028) than in normal brain and increased in accordance with tumor grade (Figure 2 ). Although 8-OhdG level was 2.36 times higher (SE ± 0.29; p = 0.00) in glioma than in normal brain, there was no significant difference (p = 0.164) between high grade and low grade glioma (Figure 2 ).
Expression of MnSOD mRNA and specific enzyme activity of MnSOD were both higher in glioma than in control ( Figure 3) . Classification of MnSOD expression based on tumor grade (Figure 4) showed that MnSOD mRNA significantly increased in accordance with tumor grade. However, the specific enzyme activity of MnSOD was significantly lower in high grade glioma compared with low grade glioma. hence, there was a discrepancy between MnSOD mRNA and specific enzyme activity in high grade glioma. There was a significant positive correlation (R = 0.7; p = 0.032) between MnSOD mRNA and MDA level.
DISCUSSION
We had only 5 samples of normal brain cells from glioma patients, because they could only be obtained if tumor was located below normal brain tissue, which is not the case in every glioma patient. Cobbs et al. 11 used only 3 samples of normal brain for their research compared with 42 samples of human central nervous system tumors.
11 Therefore, our comparison of 5 normal controls and 21 glioma samples could be accepted statistically.
The levels of MDA, carbonyl and 8-OHdG reflecting oxidative stress in human glioma cells were significantly higher than in normal brain. MDA is low molecular weight aldehyde that can be produced from free radical 12 Additionally, Yilmaz et al. found that mean serum MDA levels were significantly higher for both, glial and meningiomal tumor cases when compared to controls. 13 Our study found that MDA level in human glioma increased in accordance with tumour grade. Similarly, elevated lipid peroxide concentrations were found in the tissues of all breast cancer patients with increasing TNM stage. 14 Proteins are major targets for reactive oxidants in the cells. Protein carbonyl content is the most commonly used marker of protein oxidation. 15 Our study found that carbonyl levels were significantly higher in glioma cells compared with normal brain. Similarly, increased protein carbonyl levels were found in colorectal cancer and brain tumors. 16, 17 Giacomo et al. found that the carbonyl level was positively associated with the progression of colorectal cancer. 18 Likewise, we found carbonyl levels in human glioma cells increased in accordance with tumour grade. According to Ahmad et al. 19 plasma MDA and protein carbonyl appear to reflect the oxidative stress status and disease progression in chronic myeloid leukemia and can be used as biomarkers for oxidative stress and disease progression. 19 Reactive oxygen species (ROS) can induce DNA damage, i.e., base modification, free base sites (apurinic and apyrimidic), strand breakage and DNAprotein cross linking. An oxidation product detected in genomic DNA of mammalian cells is 8-hydroxy-2-deoxyguanosine (8-OhdG). 20 In our results, 8-hydroxy-2-deoxyguanosine (8-OhdG) levels were 
Ratio
MnSOD Expression significantly higher in human glioma cells compared with normal brain. Tuzgen et al. 21 found that 8-OhdG was significantly higher in glioblastoma multiforme (GBM / high grade glioma) tissue (74.9 ng/g wet tissue) compared with control (34.71 ng/g wet tissue).
The values of MnSOD mRNA and specific enzyme activity of each glioma sample were compared with the values from normal brain cells as control, therefore the values of glioma samples are relative expression (ratio) with value "1" for control. Other studies also find higher MnSOD expression in many human cancers, the level of MnSOD directly correlates with the grade of some tumors, and high MnSOD is associated with poor prognosis in some tumors. The lower MnSOD specific activity in high grade than in low grade glioma in our study must be seen in the context with the redox state of the cells. Low antioxidant capacity and oxidant-antioxidant imbalance have been considered to play a role in multistage carcinogenesis. 3 Sinha et al. 14 found that increased levels of free radicals and low levels of antioxidants were observed in malignant tissues. Their study suggests that free radical activity is enhanced in breast cancer patients while the antioxidant defense mechanisms are weakened. 14 high grade glioma in this research probably produced high levels of reactive oxygen species (ROS) because there were increased levels of oxidative stress biomarkers (MDA, carbonyl and 8-OhdG). MnSOD as antioxidant has the function to reduce ROS, so the lowered activity of MnSOD in high grade glioma may have been caused by consumption of this enzyme. Discrepancy between mRNA level and MnSOD specific activity was also found in breast cancer cell line T47D. 22 Our research found that there was a significantly strong positive correlation between MnSOD mRNA and MDA concentration. This means that expression of MnSOD was increased when oxidative stress occurs as a cellular regulation process. Therefore, oxidative stress levels and MnSOD expression can possibly be used as indicators of glioma tumor progression.
In conclusion, the high level of oxidative damage in human glioma cells was significantly correlated with tumor grade. The high levels of MnSOD mRNA and specific enzyme activity in human glioma cells were correlated with the high level of oxidative damage.
Further research is needed to analyze MnSOD protein, apoptosis and cell proliferation in glioma samples.
